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This  is  the  twelfth  in  a  series  of  quarterly  progress  reports  submitted 
in  partial  fulfillment  of  Contract  DA-04-495' -ORD-3069.  It  constitutes  the  third 
quarterly  progress  report  for  the  second  1-year  continuation  of  the  original 

2-year  program. 

This  report  covers  the  period  1  January  through  31  March  1964.  It  was 
written  by  R.  B.  Setterlund  who  was  supervised  by  A.  Rubin. 
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I.  OBJECTIVE 

The  objectives  of  the  program  are  outlined  below. 

A.  To  study  the  stress-corrosion  characteristics  of  1896-nickel  maraging 
steel  with  respect  to  compositional  variation. 

B.  To  study  the  effect  of  environmental  temperature  on  the  rate  of 
stress-corrosion  cracking  in  three  alloys:  1896-nickel  maraging  steel,  a  low- 
alloy  martensitic  steel,  and  a  hot-worked  die  steel. 

C.  To  study  the  electropotential  changes  occurring  in  1896-nickel  maraging 
steel  during  stress-corrosion  exposure  and  the  effect  of  applied  potential. 

D.  To  evaluate  the  effectiveness  and  applicability  or  surface  protection 
on  1896-nickel  maraging  steel  in  preventing  streBS-corrosion  cracking. 

II.  BACKGROUND 

The  present  program  is  the  second  1-year  extension  of  the  original  2-year 
program  on  stress -corrosion  cracking  of  high-strength  alloys.  During  the  first 
2-year  study,  six  alloys  were  evaluated:  Ladish  D6AC  steel;  Type  3OOM  steel; 
Vascojet  1000  steel;  AM  355  cold-worked  PH  steel;  precipitation-hardening  15-7Mo 
stainless  steel;  and  B120VCA  titanium.  Significant  failures  were  found  to  occur 
with  the  D6AC,  3OOM,  and  Vascojet  1000  steels  in  tap,  distilled,  and  salt  water, 
as  well  as  in  high-humidity  environments;  the  time  to  failure  for  each  of  the 
three  steels  was  found  to  decrease  with  increasing  strength. 

During  the  first  1-year  continuation  program,  attention  was  focused  on 
three  new  high-strength  steels  plus  one  high-strength  titanium  alloy.  These 
alloys  are:  2096-nickel  maraging  steel;  1896-nickel  maraging  steel;  9Ni-4Co  vacuum 
melted  steel;  and  6A1-4V  titanium.  The  titanium  alloy  showed  complete  immunity  to 
stress-corrosion  failure  under  all  test  conditions.  Limited  susceptibility  was 
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noted  for  the  9Ni-4Co  alloy.  High  susceptibility  was  noted  with  both  the  20#- 
and  18#- nickel  maraging  steels.  Since  the  original  study  of  maraging  steels 
was  started,  the  l8#-nickel  grade  has  received  increased  attention  in  the  aero¬ 
space  industry,  and  is  now  of  primary  interest.  The  present  program  is  therefore 
directed  to  the  study  of  the  stress -corrosion  behavior  of  this  one  alloy,  with 
emphasis  on  compositional  variation,  effect  of  environmental  temperature,  and 
study  of  electropotential  changes.  It  is  intended  to:  first,  determine  the 
extent  of  the  stress -corrosion  problem  in  l8#-nickel  maraging  steel  by  testing 
four  additional  heats;  second,  compare  the  susceptibility  of  maraging  steel  with 
conventional  ultra-high-strength  steels;  and  third,  to  investigate  further,  by 
electropotential  methods,  the  cause  of  failure  of  l8#-nickel  maraging  steel. 

III.  TEST  PROCEDURES 

A.  BENT  BEAM  TEST 

The  bent-beam  test  is  the  primary  test  method  used  in  the  program. 
Figure  1  shows  an  insulated  bent-beam  fixture  with  test  samples  mounted.  Poly¬ 
carbonate  blocks  7*000  +  0.001  in.  apart,  attached  to  a  stainless-steel  holder, 
support  the  test  specimen  and  insulate  it  from  the  holder.  Specimens  are  cut  ■to 
exact  length  to  give  a  maximum  outer-fiber  stress  of  75#  of  the  0.2#  offset 
yield  strength.  The  length-stress  relationship  is  shown  in  Figure  2. 

B.  U-BEND  TEST 

In  addition  to  the  bent  beam  testing,  U-bend  samples  are  used  to  3how 
the  effect  of  elastic  stresses  combined  with  plastic  deformation.  Samples  are 
bent  in  a  special  1  in.  radius  fixture  after  heat  treatment  and  cleaning.  Samples 
which  were  known  to  have  a  low  ductility  were  warmed  to  100  to  175°F  prior  to 
bending. 

C.  CENTER  NOTCH  TEST 

Figure  3  shows  the  test  specimen  configuration  used  in  the  accelerated 
center-notch  test.  This  consists  of  a  1-3/4  hy  8-in.  tensile  specimen  containing 
a  central  notch.  The  notch  is  produced  by  a  two-step  process.  First,  a  0.06-  by 
0.57-in.  slot  is  Elox-machined  and  extended  at  each  end  by  very  narrow  Elox- 
machined  notches  of  0.001-in.  root  radii.  Second,  an  extension  of  these  notches 
is  produced  by  tension-fatigue  cycling  to  obtain  fatigue  cracks  of  controlled 
dimensions. 
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These  center- notched  specimens  are  tested  in  Baldwin  creep-test 
machines.  The  desired  loads  are  obtained  by  dead  weight  loading  applied  to  a 
20-to-l  lever  arm.  The  test  environment  is  applied  by  cementing  a  polyethylene 
cup  to  the  specimen  in  the  area  of  the  notch.  These  specimens  are  well  adapted 
to  stress-corrosion  studies  in  that  crack  growth  rate,  corrosion  potential, 
or  corrosion  current  can  be  conveniently  measured. 

D.  TEST  ENVIRONMENTS 

The  test  environments  in  this  program  include  those  that  the  results 
of  the  previous  year's  program  indicated  were  the  cause  of  the  most  rapid  failure 
of  maraging  steel;  these  are:  continuous  immersion  in  aerated  distilled  water, 
continuous  immersion  in  aerated  distilled  water  containing  3$  by  weight  chemically 
pure  sodium  chloride  and  water-saturated  air  at  l40°F.  In  addition,  two  new 
environments  are  being  employed;  distilled  water  at  a  thermostatically  regulated 
temperature  of  120  +  0.1°F,  and  distilled  water  thermostatically  regulated  to 
160  +  0.1°F.  All  baths  are  changed  every  10  to  14  days. 

IV.  PROGRAM  STATUS 

A.  COMPOSITIONAL  VARIATION 

The  first  objective  of  the  program,  the  study  of  compositional  varia¬ 
tion  on  stress  corrosion  susceptibility  of  l8$-ni ckel  maraging  steels,  is  being 
fulfilled  by  the  testing  of  four  additional  commercial  heats  in  environments  known 
to  produce  the  most  rapid  failures.  The  compositional  variation  of  these  four 
heats  are  shown  in  Table  1,  Group  (b).  The  only  element  showing  wide  variation 
is  titanium,  which  varies  from  0.23  to  0.55 These  heats  in  conjunction  with 
the  five  listed  in  Table  1,  Group  (a),  encompass  the  compositional  variations  of 
present  day  commercial  heats  of  18#  nickel  maraging  steel.  Mechnical  properties 
of  the  nine  heats  are  shown  in  Table  2. 

Fracture  toughness  values  were  determined  using  the  specimen  shown 
in  Figure  3.  Fracture  toughness  results  show  a  very  definite  relationship  between 
critical  crack  growth  energy,  Gc*,  and  yield  strength  for  the  nine  heats  of  18# 

_ 

The  Gc  values  tabulated  in  this  report  are  somewhat  higher  than  shown  in 
previous  reports  due  to  the  incorporation  of  the  Irwin  plastic  zone-size 
correction. 
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nickel  mar aging  steel  tested  (Figure  4).  These  heats  show  a  much  greater  tough¬ 
ness  than  low  alloy  steel,  die  steel,  or  20$  nickel  mar aging  steel.  Extremes 
were  noted  in  austenite  grain  size,  Figure  5,  hut  these  were  found  to  have  little, 
if  any,  effect  on  mechanical  properties. 

Replicate  bent-beam  and  U-bend  specimens  of  these  four  heats  along 
with  specimens  of  low-alloy  steel  and  die  steel,  have  been  tested  in  the  following 
environments:  an  environment  containing  distilled  water  and  an  environment  of 
3$  NaCl  in  distilled  water.  The  distilled  water  was  found  generally  to  be  more 
severe.  These  data  are  tabulated  in  Tables  3  and  4.  The  bent  beam  results  in 
distilled  water  are  shown  plotted  in  Figure  6.  While  great  variations  in 
resistance  to  stress  corrosion  cracking  exist  between  the  nine  heats  of  l8$-nickel 
maraging  steel,  the  time  to  failure  generally  decreases  as  the  strength  increases. 
Also,  l8$-nickel  maraging  steel  is  more  resistant  than  the  low  alloy  or  hot  worked 
die  steels  when  compared  at  the  same  strength  level. 

B.  ENVIRONMENTAL  TEMPERATURE 

The  second  Objective  Of  the  program  is  the  study  of  the  effect  of 
environmental  temperature  on  the  rate  of  stress  corrosion  cracking  in  three  alloys: 
l8$-nickel  maraging  steel,  a  low-alloy  steel,  and  a  hot -worked  die  steel.  To 
accomplish  this  we  are  conducting  bent  beam  and  U-bend  stress  corrosion  tests  in 
three  environments:  distilled  water  at  120°F,  water  saturated  air  at  l40°F,  and 
distilled  water  at  l60°F.  The  results  are  shown  in  Tables  3  and  4.  Figure  7 
shows  the  effect  of  temperature  on  the  time-to-failure  of  U-bend  specimens. 
Temperature  has  a  much  greater  effect  on  the  failure  time  of  l8$-nickel  maraging 
steel  than  either  the  hot -worked  die  steel  or  the  low  alloy  steel. 

Figure  8  shows  a  typical  stress-corrosion  crack  in  l8$-nickel  maraging 
steel  after  exposure  to  l60°F  distilled  water.  Figure  9  shows  typical  stress- 
corrosion  cracks  in  the  two  conventional  steels.  In  all  three  cases,  the  cracks 
were  intergranular. 

C.  ELECTROPOTENTIAL  CHANGES 

The  third  objective  of  the  program  is  to  measure  the  electrochemical 
changes  occurring  in  18$  nickel  maraging  steel  during  stress  corrosion  exposure  and 
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to  determine  the  effect  of  applied  potential  on  failure  time.  An  experiment  has 
been  conducted  on  a  center-notched  specimen  of  heat  3960502.  The  test  setup  is 
shown  in  Figure  10.  Using  this  method,  the  applied  stress  vs  crack  potential 
relationship  of  Figure  11  was  obtained.  As  the  stresses  at  the  crack  tip,  K, 
increase  as  a  result  of  incremental  loading  of  the  metal,  a  potential  Shift 
toward  the  cathodic  is  noted.  A  second  test  of  this  type  will  be  conducted 
where  the  stress,  K,  will  be  held  constant  and  the  potential  recorded  during 
stress  corrosion  exposure  until  failure  results. 


Tests  have  begun  on  the  effect  of  applied  potential  on  the  stress 
corrosion  cracking  of  1856-nickel  maraging  steel.  Figure  12  shows  the  test  setup 
for  this  portion  of  the  program.  A  Duffers  potentiostat  is  utilized  to  control 
the  potential  of  a  U-bend  specimen  to  a  preset  value.  Two  runs  on  U-bend  samples 
of  heat  07868  in  3$  NaCl  solution  have  been  conducted  to  date,  with  the  following 
results : 


Potential  to 
Saturated 
Calomel  Cell,  v 

-1.50 

-0.1*0 

+0.50 


Current  2 

Density,  tna/ln. 

-80  (cathodic) 

None 

+123  (anodic) 


corrosion 


Stress  Corrosion 


Not  noted  Many  cracks  after  1  hour 

Mild  Failed  after  lp  days 

Severe  Many  surface  fissures  in 

2  hours 


These  runs  were  intended  to  produce  metallographic  specimens  of  1856- 
nickel  maraging  steel  that  had  failed  under  anodic  and  cathodic  polarization. 

The  actual  mechanism  study  will  involve  U-bend  specimens  of  2056-nickel  maraging 
steel  and  low  alloy  steel  tempered  at  600°F.  These  specimens  had  failure  times 
in  salt  water  without  applied  current  of  2.4  and  1.0  hours  respectively.  These 
tests  will  be  described  in  more  detail  in  subsequent  reports. 

D.  PROTECTIVE  COATINGS 


The  fourth  objective  of  the  present  program  is  to  evaluate  the 
effectiveness  and  applicability  of  surface  protection  in  preventing  stress- 
corrosion  cracking  in  1856-nickel  maraging  steel.  Three  coating  systems,  which 
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have  shown  some  degree  of  effectiveness  in  preventing  stress  corrosion  cracking 
of  H-ll  steel  are  being  evaluated  on  maraging  steel.  Each  of  the  three  coatings 
offers  a  different  means  of  protection.  The  polyurethane  coating  forms  a  dense 
barrier  between  the  environment  and  the  metal.  The  inorganic  zinc  coating  serves 
to  provide  cathodic  protection  to  the  metal,  while  the  inhibited  epoxy  eoating 
protects  the  metal  both  by  forming  a  barrier  and  by  the  inhibitory  action  of 
chromate  compounds  within  the  coating.  As  shown  in  Table  5  the  inhibited  epoxy- 
coating  is  the  most  effective  of  the  three  coatings  under  our  test  conditions. 
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Center-llotch  Specimen  Configuration 


Figure  3 


Fracture  toughness  Gc,  in. -lb /in. 


FRACTURE  TOUGHNESS  VALUES 
CENTER  NOTCHED  SPECIMENS 


Figure  5 


Mean  failure  time,  ( hours ) 
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Topical  Cracks  in  Conventional  High-Strength  Steels 
(Top)  Low  alloy  steel  Heat  W-23217 
(Bottom)  Hot  worked  die  steel  Heat  0791^ 
Etchant :  Hcl  picral 

hfegnification:  500X 


Figure  9 
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STRESS*CORROSION  POTENTIAL  MEASURING  APPARATUS 
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Figure  10 
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(Top)  Experimental  Test  for  the  Determination  of  Applied  Potential 
on  Stress-Corrosion  Cracking 

(Bottom)  Test  Cell  Showing  Specimen  and  Auxiliary  Platinum  Electrode 


Figure  12 


